In this article, the authors describe their experience with using cortical deantigenated equine bone sheets in sinus lift grafting procedures performed on 23 patients. The technique employed resembles that described by Tulasne but avoids the need for using harvested calvaria bone and introduces some additional operating variants. The use of heterologous cortical bone sheets effectively managed even large lacerations of the Schneiderian membrane and allowed for immediate stabilization of the heterologous bone granules. Average histomorphometric values for bone cores collected six months after grafting, at the time of implant placement, were: newly formed bone tissue 43.9±4.2%, residual bone substitute 7.4±1.4%, medullary spaces 48.7±4.0%. At seven year follow-up, clinical and radiographic examination indicated that the use of the bone sheets preserved the regenerated bone volume. In conclusion, the use of heterologous cortical bone sheets in association with granular bone graft material enabled long-term stabilization of the graft material and effective management of intra-surgical complications.
Since the introduction of maxillary sinus lifting in the 1980s by Boyne, James, and Tatum (1, 2) , such procedures have become widely used in reconstructive bone surgery. According to the classical technique, after lateral access to the sinus antrum is created, the Schneiderian membrane is detached and elevated. This creates a volume that is filled with graft material, most commonly autogenous bone granules or synthetic or heterologous bone substitutes (3) .
Among heterologous materials, deproteinised bovine bone has been studied the most extensively. Thermally deproteinised bovine bone particles have good osteoconductive properties but, depending on how they have been treated, may have a low resorption capacity (4) , as has been shown by histological examinations (5, 6) . Recently, a form of equine bone that is enzymatically deantigenated at low temperatures (37°C) was introduced for use as a scaffold in supporting bone regeneration of bone defects.
The enzymatic process used to deantigenate this material preserves the type I bone collagen component in its native, non-denatured, state. This should allow for better bone regeneration, given the well-known biological properties of this molecule (7) (8) (9) (10) . When sinuses augmented with the equine 550 D.A . DI STEFANO ET AL. 
Class
Therapy I -Perforation along the superior edge Elevation of the mucosa away from the of antrostomy.
perforation and coaptation of perforation edges. Possibly placement of a collagen membrane. lIa -Perforation along mesial and distal Elevation of the mucosa away from the edges distancing 4-5 mm from sinus wall. perforation and extension of the antrostomy. Possibly placement of a collagen membrane. lIb -Perforation along mesial and distal Creating an artificial cavity through a edges distancing less than 4-5 mm from resorbable membrane which substitutes the sinus wall.
natural membrane along all the maxillary III -Large extent central perforation sinus area and externally fixed. or pre-existing. [Testori T et al.. 2008(15)) bone alone were compared to others augmented with the same material and autogenous bone, immunohistochemical tests showed no differences between the two as far as the expression of some markers of bone regeneration (NOS I, NOS2 and VEGF) were concerned (II).
Over the years, different authors have suggested variations on the standard, lateral approach to sinus lifting (12) . Among them, Tulasne's technique (13) (14) involves using a cortical bone sheet harvested from the calvaria to create a new maxillary sinus floor ( Fig. I) , before filling the sinusal cavity with granular graft material.
This creates a rigid barrier between the sinus membrane and the granular graft, which limits or prevents movements in the membrane to be trans- 551 mitted to the grafted material, avoiding any disruption of it during initial healing. In the long-term, the regenerated bone tissue is not subjected to endosinusal pressure variations. Although it was not suggested for this purpose, Tulasne's technique may potentially be used to solve one of the most frequent complications of the maxillary sinus lift, i.e. laceration of the Schneiderian membrane. The presence of an immobile substrate may enable re-growth of the sinus membrane itself (15) . Correct management of Schneiderian membrane lacerations has been related to the nature of the laceration. One of the most common classification schemes (15) distinguishes four different locations where lacerations may occur (Table I) . A recent alternative classification scheme (16) suggests different approaches based on the dimensions of the perforation (Table II) .
Despite its advantages, Tulasne's technique exposes the patient to a high biological risk because of the particular harvest site (17) . However, heterologous cortical bone sheets, achieved by enzymatic deantigenation of equine bone, recently have been made available and used both for dental (18, 19) and non-dental applications (20, 21) . As they are remodelled by osteoclasts, they need not be removed. The authors hypothesized that such cortical heterologous sheets could be used to mimic Tulasne's technique.
MATERIALS AND METHODS
Twenty-three patients who were candidates for lateral maxillary sinus lifts and two-stage implant placement were selected for inclusion in the study. All patients had normal ridge width but < 5 mm of residual ridge height. Their average sinusal cavity volume (before filling) was 4-6 cc. All patients were partially edentulous and had opposing dentition in the area of the intended implant placement. The following were excluded: smokers (more than 10 cigarettes/day), pregnant women, drug addicts, diabetics (glycemia> 180), patients suffering from connective-tissue or renal disease, hepatic cirrhosis or chronic hepatitis, malignant neoplasia or neurological disorders; those receiving cortisone or bisphosphonates therapy; or those unable to follow a correct oral hygiene program. Each patient was asked to provide informed consent.
Pre-operatively, a panoramic radiograph and a CT scan of the orofacial bones with ENT sections were obtained in order to assess the patency of the middle meatus. Impressions were made, and models were mounted on an articulator. A diagnostic wax-up was performed, and a surgical tray was created to enable prosthetically-guided implant placement.
Administration of general antibiotic therapy was initiated two hours before surgery, starting with amoxicillin 875 mg and clavulanic acid (one tablet twice a day for eight days) along with ketoprofen 50 mg (one tablet twice a day for five days). Chlorhexidine digluconate 0.2% rinses were prescribed two to three times a day after suture removal for 15 days. Pre-operatively a monodose of dexamethasone 4 mg was injected, in order to reduce post-operative edema. Anesthesia was performed with articaine 4% and epinephrine I: 100.000.
All maxillary sinus lifts were performed according to the traditional lateral approach described by Tatum and Boyne (I, 2). The surgical procedure started with a 3-cm ridge incision of the keratinized mucosa. Mesial and distal incisions were then created, and a flap was elevated. When concomitant ridge-volume augmentation was being undertaken, continuous periosteal releasing incisions were performed to enable eventual tension-free approximation of the soft tissue.
An elliptic lateral window was then opened, using a medium-grit spherical diamond bur (ISO 023) mounted on a high-speed hand piece, with high air-water spray for cooling. The width of the windows ranged from 8 to 16 mm; average height was 8 mm. The membrane was elevated until it reached the nasal wall, using standard elevators (Hu-friedy, Rotterdam, Netherlands).
In order to prepare a proper seat for the cortical sheet, the single slot in the canine fossa envisaged by Tulasne was replaced by two slots (each 2 mm wide) in the upper part of the sinus window. These were prepared using the same diamond bur. In only two of the 23 cases, a groove was also created in the nasal wall to provide additional stabilisation. In all cases, before the bone sheet was positioned, a template consisting of sterile foil or a comparable material was shaped using sterile scissors and placed in position in the surgical site to evaluate the fit.
The width of the template (and consequently the width of the graft) between the ends of the two slots was always overestimated by 0.5 mm in order to increase the mechanical stability of the graft. The length of the template was adapted so that the graft would touch the nasal wall and at the same time jut out of the window by approximately 3-4 mm. The template was then used to shape the heterologous cortical bone sheet (25x25x2 mm size from the Osteoplant Osteoxenon bone-substitute series, Bioteck, Italy). Shaping was performed by using sterile scissors or rotary instruments without previously hydrating the graft. Even after shaping, the bone sheets were never hydrated. The sheet was inserted manually by making it slide into the fittings. In some cases, osteotomes were used to aid in inserting the sheets. After insertion, the protruding portion of the graft was abraded using a cylindrical bur.
After the bone sheet was positioned, heterologous bone granules containing unaltered collagen (Osteoplant Osteoxenon Cancellous-Cortical Granules, Bioteck, Italy) were hydrated in saline solution for 2-3 min and then placed into the sinus antrum, filling it. A collagen membrane (Biocollagen, Bioteck, Italy) that had been plunged into saline solution for 2-3 min was placed over the sinus access window. Flaps were sutured using vertical mattress stitches alternating with interrupted stitches; the suture material was 5-0 non-absorbable polyamide monofilament (Monomyd, Butterfly, Italy).
Sutures were removed after 15 days. All patients were then examined monthly for six months, at which point a panoramic radiograph was taken, and implants were placed. A total of 52 implants (Frialit XiVE, Dentsply, USA or Osseotite, Biomet 3i, USA) were placed in the 23 study patients.
Histological examination
At the time of implant placement (six months after the grafting surgery), at least one occ1usally to apically oriented biopsy specimen was harvested using a trephine bur from all 23 patients. A total of 30 specimens were collected. Each core was fixed in 10% buffered formalin solution and then dehydrated in ethyl alcohol. After decalcification with specific solution (K-EDTA Decalcifier, Kaltek, Italy), the specimens were embedded in paraffin and cut into 6-7-micron-thick sections. The sections were mounted on slides, stained with hematoxylineosin, and observed under an optical microscope with transmitted and polarized light (Leitz Dialux, Germany). This microscope was fitted with a digital camera (Nikon Coolpix 990, Japan), enabling photographic observation under low magnification (1OX-25X). The digital images thus obtained were then subjected to histomorphometric analysis using dedicated software (Image-Pro Plus 4.1, Media Cybernetics Inc., USA). Different false colors were attributed respectively to the de novo formation of bone tissue, medullary spaces, and residual bone substitute. The areas occupied by each color were calculated and compared with the total sample area. Final values were averaged (mean ± SO is given). Fig. 3 . Histological sections stained with hematoxylin-eosin (lOx. 40X). a) Cancellous bone tissue core characterized by a dense trabeculation (marked with "T ") and a slightlyfibrotic stroma (marked with "5"). b) Detail ofa cancellous bone core. In its stromal part, small fragments ofheterologous (collagenated) bone can be detected (marked with "F"). The tight contact between the newly formed bone and residual graft material confirm the high biocompatibility ofthe latter and its effectiveness in bone regeneration.
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Patientfollow-up
After their implants were loaded with the definitive prosthesis, patients returned for follow-up once a year for 7 successive years. During each follow-up visit, a panoramic radiograph was taken and examined to assess the volume stability of the graft, as well as implant stability. Implant success was assessed using the criteria described by Albrektsson and Zarb (22) . (Implants were considered stable over time unless bone resorption exceeded 1.5 mm in thickness during the first year and 0.2 mm annually in the following years). Graft stability was assessed by comparing the current radiograph to that from the previous follow-up visit.
RESULTS
No laceration of the Schneiderian membrane occurred in 12 of the 23 patients. Of the 11 patients who did have lacerations greater than 3 mm, 7 were class II and 4 were class III, according to Di Stefano and Cazzaniga's classification system (16) (Tables II  and III) .
All patients had a postoperative course that included no adverse events. Over the seven-year follow-up period, no differences in outcome were found between those patients whose membranes were lacerated at the time of grafting and those whose membranes remained intact. Of the 52 implants placed, only one, which failed early, was lost (a success rate of 98.1%). The remaining implants were all stable. No graft resorption or lowering of the Schneiderian membrane was observed (Fig. 2) .
Histological examination of the 30 specimens harvested at six months showed an almost total remodeling of the graft material, which was nearly completely replaced by newly formed bone tissue. Average values from the histomorphometric measurements were: newly formed bone tissue 43.9±4.2%, residual bone substitute 7A±1.4%, medullary spaces 48.7±4.0%. Fig. 3 shows a representative example of the histological samples obtained.
DISCUSSION
The histological analysis of the bone cores obtained from the patients in the present study demonstrate that bone regeneration was successful from a biological point of view: the absence of inflammatory reaction in the samples confirmed the biocompatibility of both the equine bone grafts used, sheets and granules. This result was expected in light of earlier studies carried out in animal models and human patients. From a histological comparison of bovine and equine bone grafts three months after their utilization to augment alveolar defects created in dogs, Schwarz et al. (23) showed that neither appeared to provoke any foreign body reactions. Moreover, while the osteoclastic activity in the bovine material was considered minimal, the equine grafts appeared to have a higher number of osteoclasts and giant polynuclear cells in them, indicating increased resorption levels. Other human studies (11, 24) highlighted increased ingrowth of new blood vessels around equine grafts during healing, a factor considered extremely important for bone formation. Finally, the values obtained in the present work by histomorphometric measurements (newly formed bone tissue 43.9±4.2%, residual bone substitute 7A±1A%, medullary spaces 48.7±4.0%) are considerably higher than those observed by Scarano et al. (3) for different biomaterials used in maxillary sinus augmentation and comparable to those obtained by the same authors for autologous bone. At the same time, they confirm previous reports about other grafts that had used equine bone treated with the same enzymatic process (18, 25) . Equine bone chips mixed (50:50) with autologous bone and used in sinus lifts resulted in a percentage of newly formed bone tissue of 42.5% versus a 13.5% residual bone substitute at eight months (25) . Equine enzyme-deantigenic bone blocks used in alveolar ridge regeneration (18) yielded 35% of newly formed bone tissue at six months. The authors believe that the extent of all this remodeling was due to the presence of native type I bone collagen in the equine bone-substitute material. Native bone collagen, in fact, is known to have several positive effects on bone-regeneration mechanisms (e.g. cell adhesion, angiogenesis, morphogenesis, etc.) (7) (8) (9) . Another factor that may have contributed to the good histomorphometric results observed in the present study was the ability of the cortical sheets to act as a barrier between the Schneiderian membrane and the graft material, blocking the transmission of micromovements that could have interfered with the first regenerative events.
From a clinical point of view, modifying Tu-lasne's technique appeared to improve the procedure. For the most part, it was possible to avoid the technically challenging creation of a stabilization groove in the nasal wall. The alternative of creating distal and mesial slots in the upper part of the sinus-access window facilitated correct and stable insertion of the bone sheet. The positive results confirm that simplifying Tulasne's technique, as reported here, is at the same time feasible and effective. The sheets were effective in managing even large Schneiderian membrane lacerations and preventing the migration of any graft-material granules into the sinus through the perforation. These results have the important clinical impact of allowing the surgery to be carried out even in the presence of large membrane lacerations, a situation in which the general strategy is to suspend the procedure and wait 2-3 months for complete membrane healing (26) . Finally, during the seven years of follow-up, no decrease in the grafted bone volume was observed, confirming that the grafted heterologous sheets are effective in preventing bone resorption caused by pressure variations in the maxillary sinus.
On the basis of their past and present experience (16) , the authors recommend placement of a flexible collagen or cortical bone membrane for perforations of less than 3 mm and use of flexible bone sheets for class II perforations. The present study also provides evidence of the effectiveness ofplacing cortical bone sheets in order to manage class III perforations.
In conclusion, the results obtained when cortical heterologous equine bone sheets were used to create a new sinus floor in maxillary sinus-lift surgeries demonstrate that the use of such sheets enables achievement of the advantages offered by Tulasne's technique, while avoiding the biological costs to patients. This approach makes it possible to manage sinus-membrane lacerations effectively and maintain the stability of the regenerated bone over time. Cortical heterologous bone sheets appear to be valid substitutes for the autologous material originally employed by Tulasne.
